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SUMMARY 
A unique, cooperative graduate engineering program has been supported 
for  f i f t een  years under NASA Grant NtiR 47-003-052. 
period of suppor t ,  a spectrum of aeronautics-re1 ated research was conducted, 
and full- t ime graduate students obtained financial  support and earned 
masters and doctoral degrees while working in the laboratories a t  NASA 
Langley Research Center, Hampton, Virginia. An abbreviated 1 i s t i n g  o f  
primary program achievements is  shown below. 
Dur ing  the 15-year 
A program of jo in t  student advisement was created i n v o l v i n g  NASA 
engineers and Old Dominion University engineering faculty.  
The  graduate research participants,  enrolled i n  graduate 
engineering degree programs, were awarded stipend and t u i t i o n  
support for  a two-year period. 
Total enrollment in the grant program aggregated fo r ty  one (41)  
persons, and produced t h i r t y  one (31)  graduate degrees (26 Masters, 
5 P h . D ' s ) .  
Approximately 50% of program graduates took up i n i t i a l  employment 
i n  or remain i n  an aeronautics-related enterprise.  
Research resu l t s ,  documented i n  theses, reports and papers, were 
produced i n  the following areas: 
1. 
2 .  Avionics: Aircraft Guidance and Control 
3 .  F l u i d  Mechanics: Inviscid flow, Boundary Layer and Gas 
Aircraft Design, Aerodynamics, Lift/Drag Characterist ics 
Dynamic Studies 
4. Solid Mechanics: Composites, Shells,  Beams Under S t a t i c ,  
Impact and Transient Loading 
5. Instrumentation and Measurement Techniques 
i i  
6.  Thermophysical P roper t i es  Experiments 
7. Large Space Structures:  Dynamics, Contro l ,  Re1 i abi  1 i t y  
An a1 y s  i s 
8. Ear th  O r b i t a l  Dynamics 
9. Environmental Engineering: Water Qual i t y  Modeling and 
Atmospheric Radiat ion Processes 
Of t h e  t o t a l  g ran t  funds received, 50% went d i r e c t l y  t o  s tudent  
st ipends; 12% was f o r  i n d i r e c t  cos ts  o f  g ran t  management; and, t he  
average cos t  o f  a graduate engineer ing degree was $27,000. 
Old Dominion U n i v e r s i t y  gained an enhancement o f  i t s  graduate 
engineer ing programs d u r i n g  t h e i r  f o rma t i ve  years.  
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INTRODUCTION 
In the ear ly  nineteen seventies there was an evident and increasing 
need for  j o in t  participation in aeronautical education between univers i t ies ,  
governinent, and industry. In 1974 this matter of concern was addressed by 
a l l  three proponents a t  a j o in t  NASA/University Conference on Aeronautics. 
Various steps were taken t o  enhance the production of engineering graduates 
who by maintaining great in te res t  and suf f ic ien t  preparation would assune 
responsible positions i n  a diverse aeronautics industry. One such coopera- 
t i v e  graduate engineering program operated between the Louisiana S ta te  Uni- 
vers i ty  i n  Baton Rouge and the NASA Johnson Space Center. The objective of 
t ha t  program was t o  provide a "hands-on" graduate engineering educational 
experience and to  couple faculty,  students and NASA engineers. 
Dominion University School of Engineering proposed a s imilar  yet d i s t i nc t  
program which operated i n i t i a l l y  from the Virgini a Associated Research Cam- 
p u s  (VARC) i n  Newport News, Virginia. 
The Old 
The Aeronautics Graduate Research Progran commenced i n  1971, w i t h  the 
primary goal of engaging students who qualified for  regular admission t o  the 
Graduate School o f  Engineering a t  O l d  Dominion University i n  a graduate 
engineering research and study program i n  collaboration with NASA Langley 
Research Center, Hampton, Virginia. Research par t ic ipants  were enrolled i n  
the program for two calendar years. Dur ing  t h i s  period, students were pro- 
vided a stipend and tu i t ion  expenses under a research and study grant from 
NASA Langley Research Center. Students w i t h  diverse baccalaureate prepara- 
t ion i n  b o t h  mathematics and engineering were at t racted t o  the program w i t h  
the intent of immersing themselves i n  a study ef for t  and project work a t  
Langley Research Center in aeronautics-related subject matter. 
pal investigator had the responsibil i ty t o  s o l i c i t  nationally for  program 
The princi- 
candidates possessing qualifications t o  enter the graduate engineering de- 
partments. Program participants w i t h  aeronautics in te res t s  were usually 
selected on the Master's degree level, although several participants,  who 
were highly recommended, entered the program a t  the Ph.D.  
The majority of the Master's students had l i t t l e  d i f f i cu l ty  completing a l l  
of the requirements, including a thesis, within the two-year tenure. Under- 
degree level.  
standing the program's limited time frame, Ph.D. 
ors usually made further arrangements for  continuation and degree comple- 
students and t h e i r  advis- 
t ion.  
Format and Purposes 
T h e  f i r s t  year was essent ia l ly  used for  full-t ime study, although the 
principal investigator sought placement of a student i n  an appropriate 
branch a t  NASA Langley Research Center as soon as the student began the 
program. Participating NASA branch Engineers suggested several projects of 
in te res t  as students made i n i t i a l  v i s i t s ,  while the student and his  guidance 
committee then decided upon a topic o f  mutual in te res t .  The second year was 
designated fo r  full-time research except for  an occasional course which may 
have been taken to  suppor t  thesis  research or otherwise sa t i s fy  degree re- 
quireiients. During the two sumers that were a part  of the time committ- 
ment, the participants were engaged in full-time research a t  NASA Langley 
Research Center. 
attending lectures at  the VARC campus, Newport News, and a t  the main campus 
i n  Norfolk; they also met the thes i s  requirement o f  the  Old Dominion Uni-  
Graduate participants s a t i s f i ed  course requireiients by 
versity graduate engineering programs. 
The primary purpose of the Aeronautics Graduate Research program was t o  
engage qualified graduate students in a professional research/design experi- 
ence while simultaneously providing the academic environment for f u l l  time 
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study. 
graduate campus i n  Newport News, Virginia. 
study space, 1 i brary resources, faculty advi sement, and most graduate i n -  
s t ruct ion a t  the Vi rg in i a  Associated Research Campus ( V A R C ) .  A t  the same 
time, participants found  strong research interaction among themselves and 
facul ty  advisors and NASA research engineers. Objectives of the program, 
defined t o  serve the  in t e re s t s  of selected graduate students, the  graduate 
engineering departments a t  Old Dominion University, and the aeronautics 
research in te res t s  a t  NASA Langley Research Center, were successfully met i n  
a number o f  ways. 
How Objectives Were Met 
In the ear ly  days, the cooperative program was administered from the  
Research par t ic ipants  found 
In terms of program administration and the technical assistance which 
had been provided, i t  was most gratifying that  NASA Langley Research Center 
engineers and t he i r  f i rs t  l i n e  management had found the cooperative program 
appropriate for and consistent w i t h  their  needs. A good measure of t h a t  
level of sat isfact ion was the ease w i t h  which the principal investigator 
could identify several times more projects and job s l o t s  a t  NASA Langley 
Research Center tha t  needed research ass i s tan ts ,  t h a n  there  were enrolled 
program p a r t i c i p a n t s ,  Top management a t  NASA Langley Research Center took 
sat isfact ion in knowing tha t  a supported program, although small i n  people 
and dol lars ,  produced qualified engineers for selected aeronautics special- 
t i e s .  NASA gained needed technical assistance for  projects,  and the cul- 
mina t ion  was an injection of additional expertise into the aeronautics i n -  
dustry. The Old Dominion University School of Engineering was pleased w i t h  
the program because i t  complemented the basic mission of graduate engineer- 
i n g  education, combining students, faculty, and pract i t ioners  of engineering 
i n  a productive, learning environment. The opportunity a t t racted worthy 
3 
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students t o  a program which then assisted i n  broadening the  base of facul ty  
research. Lastly, from the student p o i n t  of view, a graduate and profes- 
sional level experience was gained. The full-time program part ic ipants  took 
leave o f  the closed society of graduate student peers i n  order t o  be engaged 
i n  an actual engineering research and design environment. They traded peers 
i n  the t radi t ional  sense for a r ea l i s t i c  communications experience involving 
academic engineers ( the facul ty) ,  NASA engineers and technicians, and the 
administrators of the program. O f  course, their expenses were payed as they 
were b e i n g  encouraged t o  complete a graduate engineering degree. 
research participants,  who completed degree requirements, were i n  an excel- 
1 ent job- seeki ng posit  ion. 
Graduate 
A j o in t  venture i n  graduate engineering education i s  described i n  t h i s  
report i n  terms of the successes and problems which were experienced i n  a 
cooperative program of s ignif icant  duration. 
f inal  report will  cover areas such as student selection and supervision, 
s t a t i s t i c a l  information concerning the graduate participants,  research 
accomplishments, and the financial arrangement o f  the program. 
The following sections of this 
4 
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GRADUATE PARTICIPANTS AND RESEARCH SUPERVISION 
T h i s  chapter prov ides p e r t i n e n t  data about t h e  o r i g i n s  and progress o f  
the  research p a r t i c i p a n t s .  The f i r s t  sec t ion  covers student s e l e c t i o n  and 
advisement fo l lowed by t h e  s t a t i s t i c a l  data. 
Student S e l e c t i o n  and Advisement 
Students were s o l i c i t e d  on a nat ionwide b a s i s  w i t h  t h e  main r e q u i r e -  
ments be ing  t h a t  candidates had met graduate school admission reqirements,  
had a B.S. i n  Science o r  Engineering, and had i n d i c a t e d  an i n t e r e s t  i n  grad- 
ua te  s tudy w i t h  an aeronaut ics emphasis. 
have d isp layed not  o n l y  acceptable academic c redent ia ls ,  bu t  a lso  behaviora l  
t r a i t s  t h a t  i n d i c a t e d  a p o t e n t i a l  f o r  i n t e r a c t i n g  p r o d u c t i v e l y  w i t h  a va- 
r i e t y  o f  advisors and peers, and must have showed poise and s e l f - s t a r t i n g  
c a p a b i l i t i e s .  S o l i c i t a t i o n  f o r  app l i can ts  was conducted each year i n  t h e  
w i n t e r  f o r  candidates who were prepared t o  enter  t h e  two-year program i n  t h e  
F a l l .  
Awardees were se lected by the  p r i n c i p a l  i n v e s t i g a t o r ,  o r i g i n a l l y  a t  t h e  
V i r g i n i a  Associated Research Campus (VARC), i n  c o n s u l t a t i o n  w i t h  t h e  appro- 
p r i a t e  departmental graduate program d i r e c t o r s .  Aeronaut ics research s tu-  
dents were then e n r o l l e d  i n  a department c o n s i s t e n t  w i t h  t h e i r  background 
and i n t e r e s t .  A f t e r  being imnediate ly  in t roduced t o  engineers i n  several  
branches a t  NASMLangley Research Center through contac ts  made b y  graduate 
f a c u l t y  and t h e  program p r i n c i p a l  i n v e s t i g a t o r ,  each new p a r t i c i p a n t  began 
spending a l i m i t e d  amount o f  t ime i n  the NASA l a b o r a t o r i e s  under t h e  super- 
v i s i o n  o f  a NASA engineer, who became a co-chairman o f  t h e  s tudent 's  g u i -  
dance committee. 
i n t e r e s t  i n  t h e  s tudent 's  t o p i c a l  area f o r  research and study, and was 
Candidates f o r  t h e  program must 
By A p r i l ,  awards were made and two-year committments were promised. 
Concurrently, a f a c u l t y  member was found who would take  an 
5 
designated as guidance committee co-chairman. 
committee was f o r m a l l y  appointed by the p a r t i c i p a n t ' s  departmental chairman 
and had a t  l e a s t  t h r e e  members, a m a j o r i t y  of whom were Old Dominion Univer- 
s i t y  f a c u l t y  members. 
t h e  s tudent  research p r o j e c t ,  b u t  t h e  f a c u l t y  committee co-chairman was 
chosen i n  order  t o  b r i n g  some exper t i se  t o  t h e  work o f  t h e  NASA branch where 
t h e  research p a r t i c i p a n t  was engaged. The f a c u l t y  guidance committee co- 
chairman was respons ib le  t o  t h e  academic department cha i  rman t o  d e t e m i  ne 
t h a t  t h e  research p a r t i c i p a n t s  completed a l l  degree requirements. 
Advisor was very  inst rumenta l  i n  the  researchldes ign p r o j e c t  planning, and 
was a lso a f u l l  p a r t i c i p a n t  i n  t h e  eva lua t ion  o f  s tudent  progress. 
appropr iate,  NASA advisors were o f fe red  research appointments i n  t h e  School 
of  Engineering. Table 1 i s  inc luded i n  o rder  t o  recognize each graduate 
s tudent 's  f a c u l t y  adv isor  w i t h  h i s  asociated u n i v e r s i t y  engineer ing depart-  
ment, and each p a r t i c i p a t i n g  NASA advisor and h i s  assoc iated branch. 
names o f  program p a r t i c i p a n t s  are l i s t e d  c h r o n o l o g i c a l l y  (see a lso Table 2 ) .  
J o i n t  advisement was an impor tant  element o f  t h e  program enabl ing successful  
complet ion o f  research tasks and degree requirements.  
Essent ia l  f e a t u r e s  i n  s e l e c t i n g  candidates were t h e  " q u a l i t y "  o f  t h e  
app l ican ts  and t h e  compet i t ion over the years f o r  t h e  r e l a t i v e l y  few t a l -  
ented graduate s tudents i n t e r e s t e d  i n  aeronautics. 
r e q u i s i t e  appl icants ;  i t  seemed t o  be i n c r e a s i n g l y  d i f f i c u l t  t o  l u r e  bacca- 
1 aureate graduates i n t o  f u l l - t i m e  graduate study, even w i t h  a c o m p e t i t i v e  
s t ipend.  It was t h e  main problem associated w i t h  t h e  a d m i n i s t r a t i o n  o f  t h e  
g r a n t  program, t n e  secur ing o f  h i g h i y  q u a l i f i e d  graduate s tudents necessary 
t o  make t h e  program a success academically. Also, i t  was impor tant  t o  f i n d  
t e c h n i c a l l y  ab le people f o r  t h e  NASA branches who des i red  t h e  a i d  o f  
The guidance and e v a l u a t i o n  
F a c u l t y  advisors became more o r  l e s s  invo lved w i t h  
The NASA 
When 
The 
Compet i t ion was keen f o r  
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qual i f i e d  research ass is tan ts .  
A promotional  m a i l i n g  was conducted annual ly  and was d i r e c t e d  t o  c h a i r  
persons o f  engineer ing departments around the  country  i n  t h e  d i s c i p l i n a r y  
areas o f  mechanical, e l e c t r i c a l ,  c i v i l ,  aeronaut ica l  engineer ing and en- 
g i n e e r i n g  mechanics. The purpose was t o  a t t r a c t  t h e  most ab le app l i can ts  t o  
t h e  graduate engineer ing research p a r t i c i p a t i o n  program i n  aeronaut ics.  The 
program a d m i n i s t r a t o r  found i n  conversat ions w i t h  o t h e r  aero-re1 ated program 
a d m i n i s t r a t o r s  around t h e  count ry  t h a t  t h e  pool  o f  q u a l i f i e d  s tudents who 
would en ter  f u l l - t i m e  graduate study w i th  an aeronaut ics emphasis was small, 
r e l a t i v e  t o  t h e  nunber o f  graduate programs competing f o r  these persons. 
The r e c r u i t i n g  r e s u l t s ,  t r e a t e d  i n  more d e t a i l  i n  a l a t e r  sect ion,  demon- 
s t r a t e s  t h e  d i f f i c u l t y  experienced i n  secur ing s tudent  p a r t i c i p a n t s  bes t  
s u i t e d  f o r  the  program, a problem l i k e l y  t o  cont inue i n  t h e  compet i t i ve  
market f o r  young engineer ing t a l e n t .  
Program S t a t i s t i c s  
Dur ing t h e  15  year tenure o f  t h e  Aeronaut ics Research P a r t i c i p a t i o n  
Program, a t o t a l  o f  41 graduate students were e n r o l l e d  a t  one t ime o r  an- 
o ther .  
f i n i s h e d  t h e i r  research assignments at  t h e i r  own pace, c o o r d i n a t i n g  w i t h  
t h e i r  f a c u l t y  and NASA advisors, t h e  nunber o f  a c t i v e  program p a r t i c i p a n t s  
changed throughout each academic year, 
pants each spr ing  semester i s  il u s t r a t e d  i n  F i g u r e  1. The graph also, 
shows t h e  number of new awardees enro l led  each academic year.  
m a i n t a i n  a "steady s ta te"  count n the program, new p a r t i c i p a n t s  were 
accepted as needed and as funding was a v a i l a b l e .  A f t e r  an annual r e c r u i t i n g  
campaign ( s t a r t i n g  i n  1974-75) by t h e  p r i n c i p a l  i n v e s t i g a t o r ,  o f f e r s  were 
made and p o s i t i o n s  were accepted by promising candidates. F igure  2, 
Since students entered the program on d i f f e r e n t  calendar dates and 
The aggregate o f  program p a r t i c i -  
I n  order  t o  
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d i s p l a y s  t h e  t o t a l  nunber o f  appl icants,  t h e  t o t a l  nunber o f  p o s i t i o n s  
offered, and t h e  t o t a l  number o f  acceptances f o r  each r e c r u i t i n g  per iod.  AS 
seen on t h e  graph (of F igure  2 )  , t h e  academic year 1974-75 semed t o  be t h e  
peak year f o r  app l i can ts  and o f f e r e d  pos i t ions ,  being 20 and 7 r e s p e c t i v e l y .  
A t o t a l  o f  s i x  accept ing awardees entered dur ing  t h e  academic year 1976-77, 
t h e  l a r g e s t  cont ingent  o f  research p a r t i c i p a n t s  t o  enter  a t  one t ime. 
O f  t h e  41  program p a r t i c i p a n t s ,  3 were women and 38 were sen. A l l  
t h r e e  women, Sophia Ashley, Joanne Walsh, and Joan Gosink, rece ived a Mas- 
t e r s  o f  Engineer ing i n  t h e  two-year t ime p e r i o d  o f  t h e  program. 
a d m i n i s t r a t i o n  was pleased t o  hear t h a t  Ms. Sophia Ashley rece ived a 1985 
Federal Engineer o f  t h e  Year Award. Ms. Ashley was o f  Greek o r i g i n  bu t  
mainta ined a USA c i t i z e n s h i p .  
c i p a t e d  i n  t h e  graduate aeronaut ics research program: 
Niger ian,  and one Swede. 
ship,  a l though several  o f  those had f o r e i g n  o r i g i n s .  The program d i r e c t o r  
attempted t o  r e c r u i t  such candidates as women, m i n o r i t y  group USA c i t i z e n s ;  
and, secondar i ly ,  f o r e i g n  n a t i o n a l s  f o r  t h e  coopera t ive  aeronaut ics  resarch 
p a r t i c i p a t i o n  program. 
The program 
There were seven f o r e i g n  n a t i o n a l s  who p a r t i -  
f i v e  Indians, one 
The remaining 33 p a r t i c i p a n t s  were o f  USA c i t i z e n -  
The c o n t r a s t i n g  backgrounds o f  the program p a r t i c i p a n t s  c o n t r i b u t e d  t o  
The p a r t i c i p a n t s '  a wide range o f  academic achievement among the  graduates. 
undergraduate degrees ranged from Bachelors o f  Science i n  mechanical , 
e l e c t r i c a l ,  aeronaut ica l ,  and nuc lear  engineer ing t o  Bachelors o f  Science i n  
physics, mathematics, and geology. 
e n r o l l e e s  earned undergraduate degrees from Old Dominion U n i v e r s i t y .  I n  
p a r t  iiieaSurX t h i s  was t h e  r e s u l t  of an e f f o r t  by t h e  program d i r e c t o r  t o  
b r i n g  i n  q u a l i f i e d  graduate students from outs ide  eastern V i r g i n i a .  
Only s i x t e e n  o u t  o f  t h e  4 1  o v e r a l l  
- -.- 
P r i n c i p a l  products o f  t h e  program were t h e  s tudent  graduates who 
12 
completed t h e i r  advanced degrees working between t h e  U n i v e r s i t y  and 
NASA/Langley Research Center, and then moved on i n t o  engineer ing p r a c t i c e .  
Dur ing t h e  a c t i v e  years of t h e  program, t h i r t y - o n e  program p a r t i c i p a n t s  
completed t h e i r  graduate degrees; 26 o f  these were a t  t he  masters l e v e l  and 
5 a t  t h e  doc to ra l  l e v e l .  These persons and t h e i r  t h e s i s  t i t l e s  a re  l i s t e d  
i n  Table 2. This  t a b l e  i s  an accumulative record  o f  a l l  graduates o f  t h e  
aeronaut ics  research p a r t i c i p a t i o n  program. Items a l so  l i s t e d  i n  Table 2 
are academic accomplishments, academic year o f  program completion, and t h e  
s p e c i f i c  department and t h e  t ype  o f  degree earned. As a v i s u a l  re ference,  
F igure  3 dep ic t s  the  number o f  program graduates f o r  each academic year.  
Happening i n  bo th  1974-75 and 1978-79, t h e  l a r g e s t  con t ingen t  o f  graduates 
t o  f i n i s h  i n  the  same academic year was f i v e .  I n  c o n t r a s t  t he  years 1975-76 
and 1981-82 show no produc t ion  o f  graduates f rom t h e  aeronaut ics  program. 
Dan Stead, a former p a r t i c i p a n t  i n  t h e  aeronaut ics  program, i s  expected 
t o  complete h i s  t h e s i s  and graduate dur ing  t h e  academic year  1986-87 a t  ODU. 
M r .  Stead was unable t o  f i n i s h  degree requirements du r ing  t h e  two-yew 
program tenure, b u t  i s  working success fu l l y  t o  complete research i n  
exper imental  f l u i d  mechanics. 
wi thdrew froin the  program f o r  e i t h e r  personal reasons o r  because they  f a i l e d  
t o  meet program requirements.  The number o f  awardees who f a i l e d  t o  meet 
standard requirements o the r  than personal reasons was o n l y  3. 
graduate p a r t i c i p a n t s  were asked t o  res ign  a f t e r  s u f f i c i e n t  warning t h a t  
t h e i r  program success was i n  danger. The f i n a l  6 wi thdrew f o r  var ious  
personal  reasons, u s u a l l y  e a r l y  i n  the program. The p r i n c i p a l  i n v e s t i g a t o r  
L I  led t o  f i l l  those p a r t i c i p a n t  vacancies by the  beginning o f  t ne  next  
semester. I n  surnmary 31  people graduated w i t h  f u l l  o r  p a r t i a l  support  from 
t h e  gran t  program, 1 student  i s  con t inu ing  w i t h  g raduat ion  i n  s igh t ,  and 9 
The remaining 9 o f  t he  t o t a l  41 p a r t i c i p a n t s  
These 
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p a r t i c i p a n t s  dropped ou t  of t h e  program -- T o t a l i n g  4 1  graduate 
p a r t  i c i  pants  . 
I n s o f a r  as da ta  i s  complete a t  t h i s  time, Table 3 d i s p l a y s  t h e  i n i t i a l  
occupat ional  s t a t u s  o f  t h i r t e e n  o f  the program graduates. 
j o b s  were entered d i r e c t l y  a f t e r  graduation, t h e r e f o r e  they  may be 
inaccura te  fo r  t h e  present.  
c o n t r i b u t e  graduates t o  t h e  n a t i o n a l  pool o f  engineers q u a l i f i e d  and 
i n t e r e s t e d  i n  aeronaut ics - re la ted  p r a c t i c e .  As i s  seen from Tab e 3, a l l  
b u t  4 o f  t h e  13 graduates are engaged i n  some form o f  aeronaut ics  a c t i v i t y .  
To t h e  ex ten t  shown, t h e  Aeronaut ics Research P a r t i c i p a t i o n  Program has 
gained a rung o f  i t s  o r i g i n a l  ob jec t ive .  It i s  a lso i n t e r e s t i n g  t o  no te  
t h a t  4 o f  t h e  graduates l i s t e d  i n  Table 3 gained employment a t  NASA Langley 
Research Center. 
Many o f  these 
One o b j e c t - o f  t h e  gran t  program was t o  
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RESEARCH ACCOMPLISHMENTS 
Grant funds were a1 loca ted  f o r  Aeronaut ics research. The p r i n c i p a l  
i n v e s t i g a t o r  sought t o  achieve t h i s  ob jec t ive ,  b u t  i n  doing so found t h a t  
t h e  f i n a l  research product would be determined by (1) t h e  needs o f  
companion NASA/LaRC Branches, ( 2 )  t h e  a l ready developed d i r e c t i o n s  o f  
f a c u l t y  research, and (3)  t h e  c a p a b i l i t i e s  and i n t e r e s t s  o f  t h e  graduate 
research p a r t i c i p a n t s .  
theses and several  papers, publ ished and presented, which were produced. 
However, the  graduate research ass is tan ts  accomplished i n  many cases 
a d d i t i o n a l  and p e r i p h e r a l  tasks  f o r  the  NASA hosts, as w e l l  as a s s i s t i n g  
f a c u l t y  advisers towar(d expanding t h e i r  research programs. A t  1 east t h e  
d i r e c t  research r e s u l t s  can be recorded here. 
The d i r e c t  research r e s u l t s  are t h e  t h i r t y  (30) 
While the  o b j e c t i v e  was t o  produce aeronaut ica l  research r e s u l t s ,  w h i l e  
educat ing graduate students,  and t h e  m a j o r i t y  o f  t h e  theses f a l l  i n  t h i s  
area, o ther  t o p i c s  were o c c a s i o n a l l y  t reated,  based on an appropr ia te match 
o f  i n t e r e s t s  between students and t h e i r  advisers.  The t h r e e  broad research 
areas were aeronautics, aerospace, and environmental engineer ing.  S p e c i f i c  
research r e s u l t s  were achieved i n  t h e  f o l l o w i n g  ca tegor ies  (nunber o f  theses 
i n  paren thes is ) :  
1. A i r c r a f t  Design, Aerodynamics, L i f t / D r a g  C h a r a c t e r i s t i c s  
( 3 )  
2 .  Avionics:  A i r c r a f t  Guidance and Contro l  (3 )  
3. F l u i d  Mechanics: I n v i s c i d  f low, Boundary Layer and 
Gas Dynamic Studies ( 6 )  
4. S o l i d  Mechanics: Composites, Shel ls ,  Beams Under S t a t i c ,  
Impact and Trans ient  Loading ( 5 )  
Ins t rumenta t ion  and Measurement Techniques ( 4 )  5. 
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6. Thermophysical Proper t ies  Experiments (12)  
7. Large Space Structures:  Dynamics, Contro l ,  R e l i a b i l i t y  
Ana lys is  ( 2 )  
8. Ear th O r b i t a l  Dynamics ( 2 )  
9. Environmental Engineering: Water Q u a l i t y  Modeling and 
Atmospheric Radi a t  ion Processes (3 )  
The aeronaut ics  re1  ated categor ies extend through nunber 6. above, 
A i n c o r p o r a t i n g  23 out o f  t h e  30 graduate theses which were produced. 
statement of t h e  ob jec t ives ,  methods and main r e s u l t s  f o r  each o f  t h e  
research tasks i s  contained i n  the  theses abs t rac ts  which are inc luded as 
Appendix A o f  t h i s  r e p o r t .  
t h e  Old Dominion U n i v e r s i t y  L i b r a r y .  
The theses are re fe renceab le  documents housed i n  
A nunber o f  t e c h n i c a l  papers were publ ished and presented as a r e s u l t  
o f  t h e  work accomplished under the grant.  
p r i n c i p a l  i n v e s t i g a t o r ,  and s p e c i f i c a l l y  i n v o l v i n g  t h e  research 
p a r t i c i p a n t s ,  are l i s t e d  as Appendix B. The research p a r t i c i p a n t s '  name i s  
under l ined  i n  each c i t a t i o n .  There were probably  a d d i t i o n a l  documented 
works which d i d  not  come t o  t h e  p r i n c i p a l  i n v e s t i g a t o r ' s  a t t e n t i o n .  
Those papers known t o  t h e  
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BUDGETARY SUMMARY 
Funds  were expended over a per iod of f i f t een  years t o  accomplish grant 
program objectives. In  fac t  the original g ran t  award car r ies  a date of 
SeptemDer 1, 1971. I t  i s  well t o  note th i s  was a "non-specific" research 
grant i n  contrast t o  the t r a d i t i o n a l  unsolicited proposals and grant mechan- 
isin for research awards. Of course, i n  the  case of the subject grant, there 
was a strong graduate education component coupled w i t h  the research objec- 
t ives ;  and, a larger t h a n  usual fraction of to ta l  grant f u n d s  was earmarked 
for graduate research participant stipends. 
Stipends paid t o  research participants amounted t o  63% of t o t a l ,  agyre- 
gate direct  cost or 56% of total  direct plus indirect  costs.  These aggre- 
gate amounts are, 
Total d i rec t  costs  $7 42 , 390 
Tota l  indirect  costs 96 , 532 
Tot a1 expend i t ur e $838,922 
Another way t o  view the cost o f  the program i s  i n  terms of the nunber 
Since Ph . D .  of  research participants who graduated ,  the  degrees produced. 
students and Masters students a1 1 were supported for  a nominal two-year 
tenure i n  the program, there i s  no different ia t ion of  costs on the basis of 
degree level.  
engineering degree are, 
For thirty-one (31) program graduates, the costs per advanced 
Cost per degree, d i rec t  $24,000 
Cost per degree, direct  plus indirect $27,000 
The above costs were rounded t o  the nearest thousand d o l l a r s .  
the basis o f  current dol lars ,  t h i s  is graduate engineering education a t  
t bargain prices . 
Certainly on 
? I t  was occasionally necessary t o  support by other means some students 
beyond the i r  two-year tenure i n  the  program. 
i n  the above estimates. 
Those costs are rolled i n t o  
24 
F i n a l l y ,  t o  document i n  more d e t a i l  how t h e  g ran t  funds were expended, 
Table 4 shows current ,  aggregated budget s ta tus  f o r  t he  main categor ies o f  
expendi tures.  
Table 4. Record o f  Budgeted Expenditures 
Desc r ip t i on  
1. Sa la r ies  and Wages 
P r i n c i p a l  I n v e s t i g a t o r  
Graduate Students 
Facul ty/Research Associ ates 
Amount 
143,053.00 
467,218.00 
27,616 .OO 
Subtota l  637,887 .OO 
2. Fr inge Bene f i t s  47,411 .OO 
3. Supplies ( o f f i c e / l a b )  9,440.00 
4. General Expenses 
Tui  t i on 28,585 .OO 
Pub1 i cat  i ons/subscri  p t  i ons/repor t  p repara t i on  2,925 .OO 
Computer charges 1,553 .OO 
Subtotal 
5. Travel 
6. Equipment 
To ta l  D i r e c t  Costs 
To ta l  I n d i r e c t  Costs 
T o t a l  Expenditure 
33,063 .OO 
14,194 .OO 
395 .oo 
742,390.00 
96,532 .OO 
$838,922.00 
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APPENDIX A 
Thesis Abstracts Arranged by the Nine 
Subject Area Categories 
26 
__- 
1. A i r c r a f t  Design, 
L i f t  and Drag 
Char ac t  er i s t i cs 
27 
ABSTRACT 
EXPERIMENTAL STUDY OF DELTA WING LEADING-EDGE D E V I C E S  
FOR DRAG REDUCTION AT H I G H  LIFT 
Thomas Dwight Johnson, Jr. 
O ld  Dominion Un ive rs i t y ,  1980 
OUU D i r e c t o r :  A. Sidney Roberts, Jr. 
NASA D i rec to r :  D r .  Jim Campbell 
Fu ture  f i g h t e r  a i r c r a f t  requirements s p e c i f y  e f f i c i e n t  supersonic 
c r u i s e  and high-g maneuverab i l i t y  a t  h igh l i f t .  
meets t h e  f i r s t  requirement bu t  has l a rge  l i f t  induced drag increments a t  
h i g h  l i f t .  
wing l ead ing  edge (LE) by  means o f  small LE devices, so as t o  ma in ta in  l o c -  
The s lender  d e l t a  wing 
One method t o  a l l e v i a t e  the  drag i s  t o  c o n t r o l  t h e  f l o w  a t  t h e  
a l l y  a t tached f l o w  t o  h igher  angles o f  a t tack  and thus  inc rease t h e  l e v e l  o f  
aerodynamic t h r u s t .  
The devices se lec ted  f o r  eva lua t ion  were t h e  fence, s l o t ,  py lon- type 
vor tex  generator  ( V G ) ,  and sharp leading-edge ex tens ion  (SLEE) . These de- 
v i ces  were t e s t e d  on a 60' f l a t p l a t e  d e l t a  ( w i t h  b l u n t  LE) i n  t h e  Langley 
Research Center (NASA) 7- by 10- foo t  high-speed tunne l  a t  low-speed and t o  
and s t a t i c  pressure mesureinents were angles o f  a t tack  o f  28". 
taken. 
Balance 
The r e s u l t s  i n d i c a t e  t h a t  a1 
reduc t i on  c a p a b i l i t y  and improved 
of l i f t and increased c r u i s e  drag 
the  devices had s i g n i f i c a n t  drag 
l o n g i t u d i n a l  s t a b i l i t y  w h i l e  a s l i g h t  l o s s  
occurred. 
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ABSTRACT 
ANALYSIS OF SPREAD MULTI-JET 
VTOL AIRCRAFT IN HOVER 
Leroy F. Albang 
O l d  Dominion University, 1980 
ODU Director: Dr. Tiwari 
NASA Director: Richard J. Margason 
An investigation of vertical  takeoff and landing (VTOL) a i r c ra f t  l i f t  
losses i n  hover has been conducted t o  evaluate a method fo r  a simplified 
t e s t  technique. 
Three f l a t  plate  models were tested t o  determine t h e i r  usefulnesf i n  
predicting hover character is t ics  by comparing resu l t s  between plate and 
three-dimensional models. Attempts t o  correlate  the out of g round  e f fec t  
resu l t s  for the plate models w i t h  t h e  empirical expression for calculating 
j e t  induced loads were successful for the models which used engine simu- 
la tors  producing efflux character is t ics  similar t o  the three-dimensional 
model engines. Data for  the model using engine simulators w i t h  characteris- 
t i c s  unlike those of the three-dimensional model simulators could not be 
correlated i n  this manner. 
I n  ground ef fec t ,  comparisons o f  induced l i f t  loads indicated correla- 
t ions between the plate and three-dimensional models were w i t h i n  2 percent 
of thrust in the height range dominated by the fountain effect .  However, 
small outward deflection of the l i f t  engine exhaust was found t o  cause a 
decrease i n  beneficial fountain on the order of 5 t o  10 percent of thrust. 
Dashpots proved useful i n  e l  i m i n a t i n g  data sca t te r  caused by flow-induced 
model vibration. The engine arrangement of a midspan-pod VTOL l i f t - f a n  
transport modei showed a strong adverse effect  on i i f t  loss due t o  engine 
deflection. 
three-dimensional resul ts  by the application of a geometrical equivalent 
Data obtained for the plate models could be correlated t o  
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height correction factor AH D . The correlation of plate and tunnel models 
indicated that lift losses in ground effect were essentially independent o f  
the efflux characteristics for the engine simulators. 
e 
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ASSTRACT 
COMPUTER-AIDED DESIGN OF LIGHT AIRCRAFT 
TO MEET CERTAIN AERODYNAMIC AND STRUCTURAL REQUIREMENTS 
Joanne Lynn Wal sh 
O l d  Dominion University 
ODU Director: Dr. John H .  Heinbockel 
NASA Director: W .  Jefferson Stroud 
Nonlinear mathematical programing techniques are applied t o  a particu- 
la r  aircraft design problem, t h a t  of determining the maximum range design 
for 1 i g h t  aircraft subject t o  certain aerodynamic and structural require- 
ments. Search techniques ava i l ab le  in  an existing nonlinear opt imiza t ion  
computer program, AESOP, are appl ied  t o  the design problem. Seven design 
variables are used t o  define the w i n g  dimensions, the w i n g  skin thickness, 
the cruise velocity, the amount of fuel carried, and the engine horsepower. 
The influence of different design requirements on the range i s  observed and 
discussed. 
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ABSTRACT 
STABILITY AND CONTROL OF A SLING LOAD 
U S I N G  ACTIVE JETS 
Mark D. Pardue 
01 d Dominion U n i v e r s i t y ,  1977 
ODU D i r e c t o r :  D r .  John W .  Stoughton 
NASA D i  r e c t o r :  D r  . Shaugnnessy 
H e l i c o p t e r  s l i n g  load work has been i n c r e a s i n g  over t h e  past  decade, 
and acc idents  have r e s u l t e d  due t o  loss o f  c o n t r o l  o f  t h e  h e l i c o p t e r  o r  
c o l l i s i o n  with ob jec ts .  
and thus  reduce p i l o t  workload and p i l o t  e r r o r .  
It i s  des i red t o  dampen swinging o f  t h e  s l i n g  load 
Th is  would have a p o s i t i v e  
e f f e c t  on acc ident  reduct ion.  
An a c t i v e  j e t s  c o n t r o l  system was designed us ing  v e l o c i t y  feedback. 
Values o f  feedback gain are presented i n  graphs f o r  var ious  loads, 
h e l i c o p t e r s ,  and s ing le -cab le  suspension systems. Damping r a t i o s  o f  0.7 f o r  
a wide range o f  parameters are v e r i f i e d  by implementation on a h e l i c o p t e r  
s l i n g  l o a d  s imulat ion.  
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ABSTRACT 
LOW SPEED HANDLING CHARACTERISTICS OF 
A SUPERSONIC TRANSPORT BY EIGENSTRUCTURE ASSIGNMENT 
Michael Peter Lazar 
Old Dominion Un ive rs i t y ,  1981 
ODU D i rec to r :  A. Nadkarni 
NASA D i  r ec to r :  Walt Oehman 
A synthes is  procedure, based upon opt imal  regu l  a t o r  theory  and eigen- 
va lue/e igenvector  assignment technique, was used i n  t h e  des ign o f  a low- 
speed 1 a t e r a l  c o n t r o l  system f o r  t he  SCAT-15F supersonic t ranspor t .  Empha- 
s i s  was p laced on reducing t h e  l a t e r a l  acce le ra t i on  a t  t h e  p i l o t ' s  s t a t i o n .  
Cont ro l  laws were designed t o  make the a i r c r a f t  hand l ing  c h a r a c t e r i s t i c s  
acceptable w i t h  t h e  except ion o f  t h e  l a t e r a l  acce le ra t ion .  It was found 
t h a t  a compromise between the  r o l l  performance requirements and t h e  peak 
1 a t e r a l  acce le ra t i on  requirement i s  needed f o r  a successfu l  SCAT-15F 
design. 
ABSTRACT 
A COMPARISON OF DIGITAL COMPUTERS I N  
IMPLEMENTING A V I O N I C  CONTROL LAWS 
Charles C. Marshal l  
O ld  Dominion Un ive rs i t y ,  1977 
ODU D i r e c t o r :  D r .  Mural idhara Varanasi 
NASA D i rec to r :  David R. Downing 
D i r e c t  d i g i t a l  c o n t r o l  laws impose d e f i n i t e  process ing requirements 
upon t h e  d i g i t a l  computer. A computer's a b i l i t y  t o  per form these requ i re -  
ments a t  a minimum l i f e - c y c l e  cost  should be evaluated p r i o r  t o  i t s  
a c q u i s i t i o n .  The p o s s i b i l i t y  o f  us ing  severa l  microprocessors i n  a m u l t i -  
computer o rgan iza t i on  t o  rep lace  a s ing le  minicomputer i s  a t t r a c t i v e  o n l y  i f  
i t  i s  cos t  e f f e c t i v e ;  t hus  t h e  ac tua l  l i f e - c y c l e  cos t  i n c u r r e d  i n  each 
instance must a lso oe evaluated. Because o f  the  many i n t e r a c t i n g  e f f e c t s  of 
t h e  poss ib le  c o n f i g u r a t i o n s  o f  a computer system a s t r a i g h t f o r w a r d  
eva lua t i on  i s  no t  f eas ib le .  Th is  thes i s  develops an e v a l u a t i v e  t o o l  which 
accounts f o r  these i n t e r a c t i n g  e f f e c t s .  The CPU execut ion  t ime of one 
i t e r a t i o n  o f  t he  c o n t r o l  law and t h e  a f fec ted  l i f e  c y c l e  cos ts  are combined 
i n t o  a f i g u r e  o f  m e r i t  which can be used t o  eva lua te  t h e  r e l a t i v e  a b i l i t y  
and cos ts  o f  candidate computers. Resul ts i n d i c a t e  t h a t  a mul t icomputer  
o r g a n i z a t i o n  of microprocessors can perform as w e l l  as a s i n g l e  minicomputer 
a t  one - th i rd  the  cost .  
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ABSTRACT 
AN EXPERIMENTAL INVESTIGATION OF A TURBULENT BOUNDARY LAYER 
WITH SUCTION THROUGH CLOSELY SPACED STREAMWI SE SLOTS 
Stephen P. W i  1 k inson 
01 d Domi n i  on Un ivers i ty ,  1978 
ODU D i r e c t o r :  O r .  Robert Ash 
NASA D i r e c t o r :  Leonard N e i n s t e i n  
The ob jec t  o f  t h i s  research was t o  exper imenta l l y  evaluate a s u c t i o n  
sur face  f o r  use w i t h  incompressible t u r b u l e n t  boundary layers .  The sur face  
cons is ted  o f  an a r r a y  o f  c l o s e l y  spaced s l o t s  a l igned i n  t h e  d i r e c t i o n  o f  
t h e  f r e e - s t r e a n  f low.  D i r e c t  drag and mean boundary-1 ayer v e l o c i t y  p r o f i l e  
measurements showed t h a t  t h e  s l o t t e d  surface had nomina l l y  t h e  same s u c t i o n  
c h a r a c t e r i s t i c s  as a porous surface. 
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ABSTRACT 
APPLICATION OF BOUNDARY LAYER THEORY TO SUCTION THROUGH 
STREAMWISE SLOTS I N  WIND TUNNEL WALLS 
Michael H. Berger 
O ld  Dominion Un ive rs i t y ,  1974 
ODU D i r e c t o r :  S. N. T iwar i  
NASA D i rec to r :  I .  E. Beckwith 
A t h e o r e t i c a l  i n v e s t i g a t i o n  a t  Mach 6 and 8 has been conducted on a 
model o f  a wind tunne l  sound sh ie ld .  The f l a t  p l a t e  model c o n s i s t s  o f  
in terchangeable c i r c u l a r  and wedge shaped l o n g i t u d i n a l  rods  w i t h  gaps 
between t h e  rods f o r  boundary l a y e r  removal. One-dimensional gas dynamics 
r e s u l t s  have been app l ied  t o  model the pressure d i s t r i b u t i o n  f o r  t h e  a r r a y  
o f  cy1 inders .  Comparisons w i t h  exper imental  pressure d i s t r i b u t i o n s  and 
numerical  p o t e n t i a l  f l o w  s o l u t i o n s  i n d i c a t e  good agreement. It has been 
demonstrated t n a t  s tagnat ion  l i n e  heat t r a n s f e r  can be accu ra te l y  p red ic ted  
f o r  laminar  and t u r b u l e n t  f l ow  f o r  c i r c u l a r  c y l i n d e r s .  The f l ow  around t h e  
wedge rods was apparent ly  d i s tu rbed  and hence no t r u l y  l a n i n a r  o r  t u r b u l e n t  
da ta  were obtained. 
c i r c u l a r  rods w i t h  respec t  t o  t h e  l o c a l  f l o w  (89") ,  boundary l a y e r  behavior  
was s u r p r i s i n g l y  we l l  represented by  swept c y l i n d e r  theory .  A s tudy o f  
t r a n s i t i o n  da ta  i n d i c a t e s  l a n i n a r  f l o w  was mainta ined up t o  a l o c a l  d iameter 
Reynolds number o f  1.5 x lo5 which i s  i n  agreement w i t h  r e s u l t s  f o r  i s o l a t e d  
swept cy1 inders.  Measurements by NASA - Langley s t a f f  n d i c a t e  cons iderab le  
no ise  reduc t ions  i n  the  sh ie lded region. Thus the  mode i s  apparent ly  a 
v i a b l e  sound sh ie ld .  
I n  view o f  t h e  l a rge  e f f e c t i v e  sweep angle o f  t h e  
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ABSTRACT 
EVALUATION OF HYDROGEN AS A CRYOGENIC 
WIND TUNNEL TEST GAS 
Richard C a r l  Haut I 1  
01 d Dominion Un ivers i ty ,  1977 
ODU D i r e c t o r :  O r .  John Kuhlman 
NASA D i r e c t o r :  J e r r y  Adcock 
A t h e o r e t i c a l  ana lys is  o f  the  proper t ies  o f  hydrogen has been made t o  
determine t h e  s u i t a b i l i t y  o f  hydrogen as a cryogenic  wind tunne l  t e s t  gas. 
By us ing cryogenic hydrogen, ins tead o f  a i r  o r  cryogenic n i t rogen,  as t h e  
wind tunnel  t e s t  gas, a s i g n i f i c a n t  increase i n  t e s t  Reynolds nunber may be 
achieved w i thout  inc reas ing  t h e  aerodynamic loads. Under sonic cond i t ions ,  
f o r  example, compared t o  a i r  a t  ambient temperature, cryogenic  hydrogen a t  a 
pressure o f  one atmosphere produces an increase i n  Reynolds number o f  a 
f a c t o r  o f  approximately 14 i s  w h i l e  cryogenic n i t rogen,  a t  t h e  same 
pressure, produces an increase o f  o n l y  a f a c t o r  o f  about 6. 
The t h e o r e t i c a l  s a t u r a t i o n  boundary f o r  parahydrogen i s  w e l l  def ined. 
Thus, any poss ib le  e f f e c t s  caused b y  the l i q u e f a c t i o n  o f  t h e  t e s t  gas can 
e a s i l y  be avoided by knowing t h e  maximum l o c a l  Mach nunber on t h e  model. 
The nondimensional r a t i o s  used t o  descr ibe var ious  f l o w  s i t u a t i o n s  i n  
hydrogen were determined and compared w i t h  t h e  corresponding i d e a l  d ia tomic 
gas r a t i o s .  
f i g u r a t i o n s .  
t h e  c h a r a c t e r i s t i c  r o t a t i o n a l  temperature causes t h e  behavior o f  hydrogen, 
The r e s u l t s  were used t o  examine d i f f e r e n t  i n v i s c i d  f l o w  con- 
Th is  i n v e s t i g a t i o n  concluded t h a t  t h e  r e l a t i v e l y  h igh  va lue o f  
under cryogenic  cond i t ions ,  t o  dev ia te  s u b s t a n t i a l l y  f rom t h e  behavior 
i d e a l  d ia tomic gas i n  the  compressible f l o w  regime. Therefore, i f  an 
d ia tomic  gas i s  t o  be modeled, cryogenic hydrogen i s  unacceptable as a 
tunnel  t e s t  gas i n  a compressible f low s i t u a t i o n .  
However, a t  low Mach nunbers where t h e  assumption o f  incompressib 
o f  an 
deal 
wind 
i t y  
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i s  valid, the deviations i n  the isentropic flow parameters fo r  cryogenic 
parahydrogen from the corresponding flow parameters for  an ideal diatomic 
gas are negligible. Thus, i n  the  incompressible flow regime, cryogenic 
hydrogen is an acceptable t e s t  gas. 
Hydrogen properties and fan drive-power requireinents r e  ated t o  a hy- 
drogen wind  tunnel were also examined. 
found t o  decrease w t h  decreasing temperature and may be adequately predicted 
by using modified versions of the ideal gas equations. Since gaseous hydro- 
gen i s  capable of penetrating and degrading the mechanical charac te r i s t ics  
o f  numerous materials, materials known t o  be compatible w i t h  hydrogen must 
be used exclusively i n  the  design of a hydrogen wind tunnel t o  avoid prob- 
lems as a result o f  exposure t o  gaseous hydrogen. 
A l i t e r a t u r e  survey resulted i n  the conclusion that  although hydrogen 
The drive-power requ rements were 
is a highly combustible substance, safety codes ex is t  which, when followed, 
minimize the risk involved i n  handling hydrogen. 
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ABSTRACT 
I N V I S C I D  TWO-DIMENSIONAL VORTEX-PANEL METHOD FOR CALCULATING 
THE PRESSURE D I S T R I B U T I O N  OVER NONCIRCULAR CYLINDERS 
AT VARIOUS FLOW INCIDENCE ANGLES 
Sophia Kokkinos Ashley 
O ld  Dominion Un ive rs i t y ,  1978 
ODU D i r e c t o r :  Dr .  John M. Kuhlman 
NASA D i r e c t o r :  Ed Polhamus 
A method has been implemented t o  c a l c u l a t e  the  p o t e n - i a l  f l ow  pressure 
d i s t r i b u t i o n  over n o n c i r c u l a r  cy l i nde rs  a t  var ious  f l o w  inc idence angles. 
The i n v i s c i d  s o l u t i o n  has been obtained by  r e p l a c i n g  the  sur face o f  a 
n o n c i r c u l  a r  cy1 i nde r  w i t h  a vor tex  sheet. 
by  a number o f  f l a t  panels. Each vortex panel has been assumed t o  have a 
cons tan t  v o r t i c i t y ,  and t h e  c o n d i t i o n  o f  n o - c i r c u l  a t i o n  appl ied.  So lu t i ons  
y i e l d  t h e  l o c a l  t angen t ia l  v e l o c i t y  and pressure c o e f f i c i e n t  a t  each p o i n t .  
The accuracy o f  t he  method has been es tab l i shed through comparison o f  t h e  
p red ic ted  r e s u l t s  w i t h  e x i s t i n g  exact t h e o r e t i c a l  r e s u l t s .  
The sur face  has been approximated 
Comparisons o f  t h e  p r e d i c t e d  i n v i s c i d  r e s u l t s  wi th  exper imental  da ta  
f o r  square and t r i a n g u l a r  cross-sect ional  cy1 inders  w i t h  rounded corners 
have a l so  been included. 
implement t h i s  method are descr bed i n  Appendixes A and B, which i n c l u d e  
i n p u t  and ou tpu t  examples f o r  a sample problem. 
Deta i  s o f  the  computer program developed t o  
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ABSTRACT 
INTERACTION OF A TWO-DIMENSIONAL TRANSVERSE 
JET WITH A SUPERSONIC MAINSTREAiY 
Gilbert 0. Kraemer 
Old Dominion University, 1982 
ODU Director: Dr. Surendra N .  Tiwari 
NASA Director: Or. K .  C1 ayton Rogers 
An experimental investigation of the interaction of a two-dimensional 
sonic j e t  injected transversely into a confined main flow has been con- 
ducted. The main flow consisted of a a i r  a t  a Mach number o f  2.9. The 
e f f ec t s  of varying the j e t  parameters on t h e  flow f i e l d  were examined us ing  
surface pressure and composition data. Also, the downstream flow f i e ld  was 
examined u s i n g  s t a t i c  pressure, p i to t  pressure, and composition prof i le  
data. The j e t  parameters varied were gapwidth, j e t  s t a t i c  pressure, and 
injectant  species of e i ther  heliun or nitrogen. The values of the  j e t  pa- 
ramaeters used were 0.039, 0.056, and 0.109 cm for the gapwidth and 5, 10, 
and 20 fo r  the j e t  t o  mainstream s t a t  c pressure ratios. The features o f  
the flow f i e ld  produced by the m i x i n g  and interaction of the j e t  w i t h  the 
mainstream were related t o  the j e t  rnoiwntum. T h e  data were used t o  demon- 
s t r a t e  the val idi ty  of an existing two-dimensional e l l i p t i c  flow code. 
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ABSTRACT 
NUMERICAL STUDY 
OF THE TURBULENT BOUNDARY LAYER 
I N  A HYPERSONIC NOZZLE 
Joan P a t r i c i a  Gosink 
Old  Dominion U n i v e r s i t y  
ODU D i r e c t o r :  Dr. G. L. Gogl ia  
NASA D i r e c t o r :  Ju l  i u s  E. H a r r i s  
A numerical s tudy o f  t h e  t u r b u l e n t  boundary l a y e r  i n  a hypersonic noz- 
z l e  i s  presented. The boundary l a y e r  equat ions are so lved b y  a second o r -  
der, i m p l i c i t  f i n i t e  d i f f e r e n c e  scheme developed a t  Langley Research Center. 
The technique i s  a p p l i c a b l e  t o  laminar, t r a n s i t i o n a l  o r  t u r b u l e n t  compres- 
s i b l e  o r  incompressible boundary layer  f l o w s  f o r  p lanar  o r  axisymmetric 
geometries. 
s t a r t  t h e  f i n i t e  d i f f e r e n c e  s o l u t i o n .  
A technique i s  presented f o r  u t i l i z i n g  exper imental  da ta  t o  
Turbulent  boundary-1 ayer measurements on ax isynmetr ic  nozz le w a l l s  a t  
Mach Number 6 are presented and compared w i t h  numerical p r e d i c t i o n s  obtained 
b y  s t a r t i n g  t h e  s o l u t i o n  i n  t h e  s tagnat ion chamber and froin a downstream 
exper imental  s t a t i o n .  Accurate numerical p r e d i c t i o n s  were obtained f o r  a1 1 
cases when t h e  c l a s s i c a l  boundary layer  equat ions were v a l i d .  The nuner ica l  
s o l u t i o n  u t i l i z i n g  l o c a l  data t o  s t a r t  t h e  f i n i t e  d i f f e r e n c e  s o l u t i o n  
improves agreement w i t h  measured v e l o c i t y  improves agreement w i t h  measured 
v e l o c i t y  and temperature p r o f i l e s  and displacement th ickness.  
Boundary l a y e r  measurements and nuner ica l  r e s u l t s  i n d i c a t e  t h a t  t h e  
Crocco-ve loc i ty  r e 1  a t i o n  re1  axes from a quadra t ic - type  v a r i a t i o n  toward a 
more l i n e a r  v a r i a t i o n  as t h e  pressure grad ien t  r e l a x e s  t o  zero. 
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For low Reynolds nunber f l o w s  m o d i f i c a t i o n  of  t h e  eddy v i s c o s i t y  model 
u t i l i z e d  i n  t h e  present f i n i t e  d i f fe rence scheme improves t h e  accuracy of 
t h e  p r e d i c t i o n s .  Local  a p p l i c a t i o n  o f  an approximate low Reynolds nunber 
eddy v i s c o s i t y  model i n d i c a t e s  improved agreement i n  boundary l a y e r  
th ickness,  displacement th ickness, and momentum th ickness.  
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S t a t i c ,  Impact, and Trans ient  Loading 
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ABSTRACT 
AN ANALYTICAL AND EXPERIMENTAL STUDY OF CLEARANCE AND BEARING- 
BYPASS LOAD EFFECTS I N  COMPOSITE BOLTED JOINTS 
R a j i v  Vikas Arun Naik 
01 d Doini n i o n  U n i v e r s i t y ,  1986 
D i r e c t o r :  D r .  Ram Prabhakaran 
Co-Director: D r .  John H. Crews, Jr. 
ned a n a l y t i c a l  and experimental s tudy i s  conducted t o  determ 
o f  c learance and bearing-bypass load ing  f o r  mechanica l ly  
fastened j o i n t s  i n  composites. 
account f o r  t h e  non l inear  e f f e c t s  o f  b o l t h o l e  clearance. The non l inear  
A simple method o f  a n a l y s i s  i s  developed 
A comb 
t h e  ef fects  
ne 
t o  
load-contact  v a r i a t i o n s  f o r  c l e a r a n c e - f i t  fas teners  are a lso  measured using 
s p e c i a l l y  instrumented fasteners.  
laminate, r e s u l t s  show t h a t  the  contact  arc as we l l  as t h e  peak s t resses 
around t h e  h o l d  and t h e i r  l o c a t i o n s  are s t r o n g l y  i n f l u e n c e d  by t h e  
c learance. A f t e r  a s l i g h t  i n i t i a l  n o n l i n e a r i t y ,  t h e  peak s t resses vary  
l i n e a r l y  w i t h  app l ied  load. 
o n l y  a minor i n f l u e n c e  on the  o v e r a l l  j o i n t  s t i f f n e s s .  
For a q u a s i - i s o t r o p i c  graphi te/epoxy 
The t y p i c a l  c learance l e v e l s  are shown t o  have 
Q u a s i - i s o t r o p i c  graphi te/epoxy laminates (T300/5208) are t e s t e d  under 
combined bear ing and bypass loading t o  study f a i l u r e  modes and s t rengths.  
Radiographs are made a f t e r  damage onset and a f t e r  u l t i m a t e  load t o  exanine 
t h e  f a i l u r e  modes. Also the  laminate s t resses near t h e  b o l t - h o l e  are 
c a l c u l a t e d  f o r  each t e s t  condi t ion,  and then used w i t h  appropr ia te  f a i l u r e  
c r i t e r i a  t o  analyze t h e  t e s t  data. The tens ion  da ta  show a l i n e a r  
i n t e r a c t i o n  f o r  combined bear ing and bypass load ing  w i t h  damage developing 
i n  t h e  ne t - tens ion  mode and growing t o  f a i l u r e  i n  t h e  same mode. 
modes are more complex i n  compression. 
s t rangths  f o r  damage-onset show an unexpected i n t e r a c t i o n  i n v o l v i n g  t h e  
bear ing  mode. 
F a i l u r e  
The compression bearing-bypass 
Compressive bypass loads reduce t h e  bear ing  s t r e n g t h  by 
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bear ing loads. 
causes a weaken 
o f f s e t  compress 
Bear ing damage-onset, f o r  compressive bear i n g- byp as s 
decreasing t h e  b o l t - h o l e  contac t  arc  and thus  i n c r e a s i n g  t h e  s e v e r i t y  o f  t h e  
oads, 
ng of t h e  o f fse t -sec t ion  eading t o  u t i m a t e  f a i l u r e  n t h e  
on-bearing mode. Damage-onset i s  p r e  i c t e d  reasonably w e l l  
St rength p r e d i c t i o n s  i n d i c a t e  t h a t  us ing  t h e  peak s t resses a t  t h e  hole.  
damage corresponding t o  u l t i m a t e  s t rength i s  governed by t h e  maximum s t r e s s  
near t h e  hole. 
T h i s  i n v e s t i g a t i o n  w i l l  he lp  improve t h e  b a s i c  understanding o f  
composite b o l t e d  j o i n t s  and lead t o  b e t t e r  s t r u c t u r a l  design procedures. 
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ABSTRACT 
ANALYSES OF QUASI-ISOTROPIC COMPOSITE PLATES UNDER QUASI-STATIC 
POINT LOADS SIMULATING LOW-VELOCITY IMPACT PHENOMENA 
A j i t  Dhundiraj Ke lkar  
Old Dominion Un ivers i ty ,  1985 
OOU D i r e c t o r :  D r .  Ram Prabhakaran 
NASA D i r e c t o r :  D r .  d .  Elber  
Composite laminates have h i g h  s t rength  t o  d e n s i t y  r a t i o s  t h a t  make them 
a t t r a c t i v e  f o r  use i n  a i r c r a f t  s t ruc tu res .  However, t h e  damage t o l e r a n c e  o f  
these m a t e r i a l s  i s  l i m i t e d  because they have very  low u l t i m a t e  s t r a i n s ,  no 
p l a s t i c  deformat ion range, and no usable s t r e n g t h  i n  t h e  th ickness  
d i r e c t i o n .  These l i m i t a t i o n s  are very obvious when laminates are subjected 
t o  impact loads. Due t o  these impact loads, l a n i n a t e s  s u f f e r  v i s i b l e  and 
i n v i s i b l e  damage. To improve t h e  m a t e r i a l  performance i n  impact r e q u i r e s  a 
b e t t e r  understanding o f  t h e  deformation and damage mechanics under impact 
type  loads. 
I n  t h i n  composite l m i n a t e s ,  t h e  f i r s t  l e v e l  o f  v i s i b l e  damage occurs 
on t h e  back face and i s  c a l l e d  "back face s p a l l i n g . "  A plate-membrane 
coup l ing  model, and f i n i t e  element model t o  analyze t h e  l a r g e  deformat ion 
behavior o f  e i g h t - p l y  q u a s i - i s o t r o p i c  c i r c u l a r  composite p l a t e s  under impact 
t y p e  p o i n t  loads are developed. The back face  s p a l l i n g  phenomenon i n  t h i n  
composite p l a t e s  i s  expla ined by using t h e  p l  ate-membrane coup1 i n g  model and 
t h e  f i n i t e  element model i n  conjunct ion w i t h  t h e  f r a c t u r e  mechanics 
p r i n c i p l e s .  The exper imental  r e s u l t s  v e r i f y i n g  these models are presented. 
The s tudy r e s u l t e d  i n  t h e  f o l l o w i n g  conclusions: 
1. The l a r g e  deformat ion behavior o f  c i r c u l a r  i s o t r o p i c  membranes 
subjected t o  a r b i t r a r y  axisynmetr ic load ing  can be obta ined by 
s o l v i n g  a s i n g l e  non l inear  governing equat ion i n  terms o f  a r a d i a l  
s t ress .  
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2. Accurate large deflection behavior of c i rcu lar  quasi-i sotropic 
T300/5208 laminates can be obtained by u s i n g  a simple plate- 
membrane coup1 i ng model. 
The functional form of deformed shape of the p la te  unde rgo ing  large 
deformations i s  different from the small deflection plate  
sol u t i  on. 
The back face spal l ing action i n  t h i n  composite laminates i s  a 
spontaneous action and can be predicted by u s i n g  the f r ac tu re  
mechanics principles.  
Mixed mode ( I  and 11) type deformations probably occur d u r i n g  back 
face spall ing,  however, mode I appears t o  govern the delamination 
growth d u r i n g  the spall ing action. 
3. 
4. 
5. 
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ABSTRACT 
THE EFFECT OF UNREINFORCED CUTOUTS ON THE BUCKLING OF THIN 
CONICAL SHELLS LOADED BY CENTRAL AXIAL COiV1PKESSION 
Garla Arjuna 
Old Dominion University, 1974 
NASA Director: Dr. James H. Starnes 
ODU Director: Dr. Kenneth H. Murray 
Analytical trends for the linear bifurcation buckling of thin isotropic 
right-circul ar-conical shells with unreinforced cutouts are investigated. 
C1 amped, constant-thickness conical shells with homogeneous, isotropical 
material properties are analyzed for uniform axi a1 compression. The 
buckling loads are obtained by the use of the STAGS - STructural - Analysis of 
- General - Shells) computer program which is based on a finite difference 
numerical approach. Variables defining the geometry o f  the cutout and the 
cone are nondimensionalized and the relationship between the nondimensional 
buckling load and nondimensional cutout parameter is established. A range 
of the c u t  out sizes is investigated for which linear bifurcation buckling 
results are expected to be reasonable approximations to the actual buckling 
1 oads. 
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ABSTRACT 
AN EXPERIMENTAL AND ANALYTICAL INVESTIGATION 
OF THE 
IOSIPESCU SHEAR TEST FOR COMPOSITE MATERIALS 
Bar ry  S tuar t  Spigel  
O ld  Dominion Un ive rs i t y ,  1984 
ODU D i r e c t o r :  D r .  R. Prabhakaran 
NASA D i r e c t o r :  Dr .  James W. Sawyer 
Mechanical p r o p e r t i e s  o f  composite m a t e r i a l s  under shear load ing  are  
d i f f i c u l t  t o  determine. The Ios ipescu Shear Test, o r i g i n a l l y  proposed f o r  
metals,  has i n  recent  years been appl ied t o  composites. It has the  advan- 
tages o f  small specimen size,  s imple load ing  and a reasonably un i fo rm shear 
s t ress  i n  the  t e s t  sect ion.  
The purpose o f  t h i s  work i s  t o  study t h e  v a l i d i t y  o f  t n e  Ios ipescu t e s t  
method fo r  measuring the  shear modulus and shear s t reng th  o f  composites. 
F i n i t e  element analyses i n d i c a t e  t h a t  optimum specimen geometry and l o a d  
l o c a t i o n s  depend upon the  degree o f  o r tho t ropy  o f  the  composite. Test re -  
s u l t s  f o r  a q u a s i - i s o t r o p i c  graphi te/epoxy laminate  show t h a t  m o d i f i c a t i o n s  
i n  t h e  notch geometry aimed a t  improving s t ress  d i s t r i b u t i o n s  r e s u l t  i n  
unexpected changes i n  t h e  f a i l u r e  mode. Thus, w h i l e  t h e  Ios ipescu Shear 
t e s t  i s  v a l i d  f o r  some composites w i t h  a s u i t a b l e  choice o f  t e s t  parameters, 
i t s  v a l i d i t y  f o r  o ther  composites, e s p e c i a l l y  w i t h  a h igher  o r tho t ropy ,  i s  
doub t fu l .  
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ABSTRACT 
FINITE ELEMENT MODEL OF A TIMOSHENKO BEAM 
WITH STRUCTURAL DAMP I NG 
Lou is  Ablen Roussos 
Old Dominion Un ive rs i t y ,  1980 
D i r e c t o r :  Earl A. Thornton 
NASA D i rec to r :  Dr. E. T. Kruszewski 
A numerical  i n t e g r a t i o n  technique, a mod i f ied  ve rs ion  o f  t h e  Newark  
method, i s  app l ied  t o  t r a n s i e n t  mot ion problems o f  systems w i t h  mass, s t i f f -  
ness, and small non l inear  damping. The n o n l i n e a r i t y  i s  cas t  as a pseudo- 
f o r c e  t o  avoid repeated r e c a l c u l a t i o n  and decomposition of t h e  e f f e c t i v e  
s t i f f ness  mat r ix ;  thus, t he  s o l u t i o n  technique i s  dubbed the  "pseudo-force 
Newark  method." Comparisons w i t h  exact and p e r t u r b a t i o n  s o l u t i o n s  i n  s in -  
gle-degree-of-freedom problems and w i th  a Gear-method numerical s o l u t i o n  i n  
a c a n t i l e v e r e d  Timoshenko beam f i n i t e  element problem show t h e  s o l u t i o n  
techni'que t o  be e f f i c i e n t ,  accurate, and, thus, f e a s i b l e  prov ided t h e  non- 
l i n e a r  damping i s  m a l l .  As a p r e l i m i n a r y  s tep  i n t o  t h e  i n v e s t i g a t i o n  o f  
the  a c t i v e  c o n t r o l  o f  l a r g e  space s t ruc tu res ,  a problem i n v o l v i n g  a f ree- 
f ree  Timoshenko beam w i t h  non l i nea r  s t r u c t u a l  damping i s  solved. 
pected, small damping i s  shown t o  be o f  l i t t l e  importance i n  the  p r e d i c t i o n  
As ex- 
o f  low-frequency v i b r a t i o n s  w h i l e  being o f  utmost importance i n  t h e  pred ic -  
t i o n  o f  h igh-frequency v i b r a t i o n s .  
5. Instrwnentation 
and Measurement 
Techniques 
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ABSTRACT 
STATIC TEMPERATURE MEASUREMENTS I N  SUPERSONIC FLOW 
U S I Y G  LASER RAMAN SPECTROSCOPY 
Paul A. Nystrom 
Old Dominion Un ive rs i t y ,  1977 
ODU D i r e c t o r :  A. S. Roberts.  Jr. 
NASA D i r e c t o r :  Or. J. M Seiner 
Laser Raman spectroscopy i s  a non in t rus i ve  technique which can generate 
mean s t a t i c  temperature (MST) da ta  w i t h i n  f l o w  f i e l d s .  By r a t i o i n q  two 
s imu l taneous ly  gathered p o r t i o n s  of t h e  Raman sca t te red  spectrum, absol Ute 
i n t e n s i t y  measurements were no t  needed. Th is  method was appl ied t o  a 
supersonic c o l d  a i r  .!et, M = 1.99, where the  MST ranged from 160°K t o  300°K. 
Accurate measurements were no t  r e a l i z e d  due t o  the  presence o f  f low 
contaminates, especia l  1.v water vapor. 
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ABSTRACT 
A HIGH-SPEED ALGORITHMIC SIGNAL PROCESSOR 
Stephen P. Livingston 
Old Dominion University, 1978 
ODU Director: Dr. Muralidhara Varanasi 
NASA Director: Mr. Patrick Gaines 
Microprocessors are now being used i n  the implementation of solutions 
t o  many classes of problems, b u t  in some cases the microprocessor i s  not  
sufficient due t o  the lack of processing speed of large-scale integrated 
circuitry. A possible solution i s  presented using a hardware algorithmic 
signal processor t o  take the place o f  time-consuming software routines, 
leaving the microprocessor the task o f  con t ro l l i ng  operations w i t h i n  the 
system. The hardware processor consists of a high-speed multiplier as the 
central u n i t  and high-speed S c h o t t k y  logic, a l l  under microprogram control. 
Several classes of algorithms are considered for implementation as a 
microprogram for the evaluation o f  transcendental functions and floating 
p o i n t  arithmetic using the multiplier as the central u n i t .  Design 
considerations include h i g h  speed, w h i c h  w i l l  be evaluated f o r  the system, 
and small size, which  means a decrease i n  integrated circuit package count .  
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KBSTRACT 
SECOND ORDER OPEN LOOP OMEGA PHASE DETECTOR: 
P h i l l i p  S. Mastic 
01 d Domi n i o n  University, 1978 
ODU Director: Dr. Preston 6. Johnson 
NASA Director: irlr. Carroll Lytle 
MICROPROCESSOR-BASED 
A microprocessor-based open loop OMEGA phase detector has been 
investigated and experimentally verified. 
perform the required phase detection algorithms i n  software dras t ica l ly  
The microprocessor's a b i l i t y  t o  
reduces hardware complexity providing an OMEGA navigation receiver design of 
lower cost .  
the  processor l inear izes  the phase detector charac te r i s t ic  curve. 
Also, algebraic manipulation of the quantized phase error  by 
T h i s  thesis  describes the theory and implementation of this open loop 
technique and a comparison i s  made w i t h  a standard d i g i t a l  phase-locked 
loop. A brief review o f  the OMEGA navigation system is  presented followed by 
a discussion of the current receiver developed by personnel a t  NASA Langley 
Research Center. Succeeding chapters document theoretical  and experimental 
e f fo r t s  made i n  support of tne goal  t o  upgrade the phase detector section i n  
the current NASA receiver. 
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ABSTRACT 
THE DEVELOPMENT OF A MICROPROCESSOR 
CONTROLLED LINEARLY ACTUATED VALVE ASSEMBLY 
Raymond H. Wall 
O l d  Dominion University, 1984 
ODU Director: Dr. Robert L .  Ash 
NASA Director: Dr. P i n g  Tcheng 
The development of a proportional f l u i d  control valve/assembly i s  pre- 
sented. This electro-mechanical system i s  needed fo r  space applications t o  
rep1 ace the current proportional f 1 ow control 1 e rs  that  use bulky hydraul i c 
or pneunatic actuation systems. The flow i s  controlled by a microprocessor 
system tha t  monitors the control parameters of upstream pressure and 
requested volumetric flow rate .  
valve stem displacement by means o f  a digi ta l  l inear actuator. 
The microprocessor achieves t h e  proper 
A l inear 
displacement sensor i s  used t o  measure tne valve stan position. T h i s  
distance is monitored by the microprocessor system as a feedback signal t o  
make the control closed-loop. 
the developed system operates between 779 standard cm3/sec (SCCS) and 1543 
With an upstream pressure between 15-47 p s i g ,  
SCCS. The delivered volumetric flow rates were w i t h i n  5% of the requested 
values. A statement on the system s t ab i l i t y  i s  included as an appendix. 
Recommendations made for  future work on  the  design include fur ther  
modification t o  the bellows spring and the poss ib i l i ty  of a mass flow r a t e  
control ler .  
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6. Thermophysical Proper t ies  
Experiments 
58 
ABSTRACT 
A METHOD FOR IMPROVING THE ACCURACY I N  PHASE CHANGE 
HEAT TRANSFER DATA THROUGH INCREASED P R E C I S I O N  I N  
THERMOPHYSICAL PROPERTY DETERMINATIONS 
John P h i l i p  Drunmond 
Old  Dominion Un ive rs i t y ,  1975 
ODU D i r e c t o r :  D r .  Robert L. Ash 
NASA D i r e c t o r :  M r .  Robert  A. Jones 
Wind tunnel  model m a t e r i a l s  t y p i c a l l y  have thermophys 
A nuner i ca l  t h a t  v a r y  w i t h  bo th  p o s i t i o n  and temperature. 
heat  
heat 
mode 
a1 l y  
a1 so 
ca l  p roper t  
s tudy us ing 
es 
a 
f i n i t e  d i f f e r e n c e  rep resen ta t i on  o f  the heat conduct ion equat ion has been 
performed on several  of these model m a t e r i a l s  t o  determine t h e i r  thermal 
response under a s p e c i f i e d  heat loading. 
s i b i l i t y  of us ing  an e f f e c t i v e  thermophysical p r o p e r t y  t o  account f o r  t h e  
ex is tance o f  v a r i a b l e  thermal p roper t i es  when a model undergoes aerodynamic 
This  s tudy has conf i rmed t h e  fea- 
ng. 
t r a n s f e r  data, fo rced agreement o f  t h e  ac tua l  t r a n s i e n t  behavior  o f  a 
The e f f e c t i v e  p roper ty ,  when used i n  t h e  r e d u c t i o n  o f  phase-change 
w i t h  t h e  constant  p r o p e r t y  s e m i - i n f i n i t e  s lab  approximat ion t r a d i t i o n -  
used t o  descr ibe model response. Resu l ts  o f  t he  numerical  s tudy  have 
been compared w i t h  s i m i l a r  da ta  from an exper imental  apparatus cur-  
r e n t l y  being developed a t  NASA Langley Research Center. Knowledge gained 
f rom t h e  comparison has been used t o  fo rmula te  methods f o r  improv ing t h e  
performance o f  the  exper imental  apparatus. 
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ABSTRACT 
TEMPERATURE AND TIME DEPENDENT VISCOSITY 
OF AN ELASTOMER-MODIFIED EPOXY RESIN 
Woodrow W .  Wagner, J r .  
01 d Dominion llniversi ty ,  1978 
ODU Director: Dr. John K.  Kuhlman 
NASA Director: Howard Price, J r .  
Temperature effects  on the viscosity of an epoxy resin (diglycidyl 
ether of bisphenol A - DGEBA),  an elastomer (carboxy-terminated butadiene 
acry loni t r i le  - CTBN), and two blends nominally containing 10 percent elas- 
tomer were examined from s t r a in  ra tes  of 0.1 sec-1 t o  10,000 sec-1 over a 
temperature range from 300K t o  450K. All resu l t s  indicated that  the great- 
e s t  drop i n  viscosity occurred for  each of the materials over the tempera- 
ture  range of 300K t o  350K. In addition, the materials exhibited Newtonian 
responses over the en t i r e  s t r a in  r a t e  range. Adding small amounts of elas- 
tomer t o  the epoxy only moderately affected the viscosity; whereas the cata- 
l y s t ,  triphenylphosphine, added t o  one of the b l e n d s  d i d  not measurably 
change the viscosity.  Activation energies over the t e s t  temperature range 
were calculated u s i n g  the Arrnenius relationship between viscosity and i n -  
verse temperature. Two d i s t inc t  activation energies were found for eacn 
material i n  the temperature ranges 300K t o  350K and 400K t o  450K, indicating 
the existence o f  two different  molecular flow mechanisms i n  these two tem- 
perature ranges. 
An elastomer-modified expoxy resin and the epoxy resin by i t s e l f  were 
tested a t  constant s t ra in  ra tes  as a function of time under conditions of 
room temperature (300K). Properties of  thixotropy and rheopoxy were found ,  
dxerved,  and analyzed. Each particular s t ra in  rate contained i t s  GWI: char- 
a c t e r i s t i c  relaxation and recovery times fo r  a par t icular  material. 
elastomer showed no time-dependent effects u p  t o  a s t ra in  r a t e  of 100 sec-'; 
The 
r e l i ab le  data could not be obtained a t  higher strain rates .  
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7 .  Large Space Structures: Dynamics, 
Control,  Reliability Analysis 
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ABSTRACT 
OPTIMAL CONTROL OF A LARGE SPACE TELESCOPE 
USING AN ANNULAR MOMENTUM CONTROL DEVICE 
Arun Anant Nadkarni 
Old Oominion University, 1977 
ODU Director: Dr. W. J. Breedlove, Jr. 
NASA Director: Dr. W .  W .  Anderson and Mr. Nelson J. Groom 
Application of a new development in the field of momentum storage de- 
vices, the Annular Momentum Control Device (AMCD), to the twin problems of 
large angle maneuvers and fine pointing control is considered. The basic 
concept of AMCD consists of a spinning rim, with no central hub area, sus- 
pended by a minimum of three magnetic bearings, and driven by a noncontact- 
ing electromagnetic spin motor. The dissertation considers in detail the 
application of the AMCD to achieve both the large angle maneuvers and the 
fine pointing control of a Large Space Telescope (LST) with a single 
configuration, consisting of a single AMCD Mounted in a single gimbal. 
The problem of designing the optimal controller is accomplished in two 
parts: 1) the optimal controller for generating the open-loop control law 
for the nonlinear maneuvering problem was designed using a modified gradient 
technique with penalty functions, 2) the optimal stochastic controller for 
generating the constant gain, state feedback control law for the linear fine 
pointing problem was designed. 
The open-loop optimal control for the maneuvering problem was derived 
iteratively, using a modified gradient technique with penalty functions. 
"Hard" constraints on gnitudes of state and 
porated in the gradient procedure. A general 
gram was developed to derive open-loop optima 
control vari ab 
user-oriented 
control law h 
es were incor- 
computer pro- 
story using 
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tnis procedure for a general h i g n  order ( u p  t o  25) nonlinear system. The 
program was used t o  achieve the design objective of deriving the open-loop 
optimal control law t o  retarget  the LST from one s t e l l a r  target  t o  another 
w i t h  the expenditure of m i n i m u m  energy. 
euvering the LST through prescribed p o i n t i n g  angles was solved. 
of the i t e r a t ive  procedure t o  a local minimum was shown t o  be highly depen- 
dent on the i n t i t i a l  control history chosen and choice of  weighting mat- 
r ices .  
A specific example problem of man- 
Convergence 
The optimal s t a t e  feedback control law for the f ine  pointing control ler  
was derived using Linear-Quadratic-Gaussian ( L Q G )  optimal regulator theory. 
Structural ly ,  t h i s  controller consists of an optimal regulator and a Kalman- 
Bucy f i l t e r .  Existing techniques t o  compute the i n i t i a l  s tabi l iz ing ga ins  
and i t e r a t ive  procedures t o  solve the algebraic Riccati equation were dis- 
cussed. 
uncontrollable, was indicated by discussing the modifications of  tne s t a t e  
equations requi ed t o  make the regulator problem stabi l ized.  I t  was shown 
tha t  the i n i t i a l  errors  i n  the s t a t e s  can be nulled sa t i s f ac to r i ly .  The 
performance of the f ine pointing controller was investigated by performing a 
l inear  covariance analysis t o  o b t a i n  the RMS p o i n t i n g  errors .  The analysis 
indicated that  f ine  pointing accuracies of less  than one arcsecond could be 
achieved. 
Extens on of these techniques t o  the present problem, which i s  
i 
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ABSTRACT 
AN APPROACH FOR INCLUDING RELIABILITY 
IN CONTROL SYSTEM DESIGNS 
Ime Isaac Akpan 
Old Dominion University, 1982 
ODU Director: A.  Sidney Roberts, J r .  
NASA Director: Raymond C .  Montgomery 
An approach is  developed for non-catastrophic control component fa i  1 ure 
accommodation fo r  large space structures.  
both the control configuration ( i  .e. , selecting actuator locations over an 
admissible set) and the ultimate operation of the system. 
Rel iab i l i ty  i s  considered for  
The approach 
presented is to  construct a measure o f  performance that  indicates the abso- 
l u t e  goal of the system, and fo r  a given s t ructural  design, t o  determine the 
lowest achievable cost conditional upon the f a i lu re  s t a t e s  of the system 
( i  . e . ,  which actuators are operational). These costs are then weighted and 
summed t o  provide an overall system performance measure. T h i s  expected 
performance measure i s  then minimized over the s e t  of  admissible control 
configurations. A complete mathematical development i s  presented for  a 
f iex ib ie  beam and a grid structure.  The optimal configurations for  the 
f a i lu re  s t a t e s  are determined for different normalized time of mission. 
Although the research i s  concerned w i t h  a par t icular  problem, the analysis 
of the r e l i a b i l i t y  incorporation i n  the design of control systems i s  of more 
general in te res t .  
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8. Earth O r b i t a l  Dynamics 
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ABSTRACT 
DYNAMICS OF EXPLOSION REMNANTS IN EARTH-ORBITS 
Joseph T. Fuss 
Old Dominion Un ivers i ty ,  1974 
NASA D i r e c t o r :  M r .  J. M. Alvarez 
ODU D i rec tor :  D r .  W .  J. Breedlove, Jr., 
Explosions i n  space produce p a r t i c l e s  t h a t  are hazardous t o  space veh i -  
c les .  Some o f  these p a r t i c l e s  are not t r a c k a b l e  and t h e i r  l o c a t i o n s  must be 
p r e d i c t e d  by dynamical methods. 
T h i s  i n v e s t i g a t i o n  sheds l i g h t  on t h r e e  d i f f e r e n t  areas. F i r s t ,  ignor-  
i n g  per tu rba t ions ,  t h e  c h a r a c t e r i s t i c s  o f  a t h r e e  dimensional envelope ou t -  
l i n e d  by t h e  sun o f  i n d i v i d u a l  p a r t i c l e  o r b i t s  i s  determined. Second, t h e  
d i s t r i b u t i o n  o f  t h e  p a r t i c l e s  i s  found as a f u n c t i o n  o f  t ime. 
movelnent o f  t h e  body v i a  secular  per tu rba t ions  i s  inves t iga ted .  
o f  t h e  explosion, t h e  p o i n t  o f  detonat ion i n  t h e  parent s a t e l l i t e ' s  o r b i t ,  
and t h e  r a d i u s  o f  per igee o f  t h e  parent s a t e l l i t e  are v a r i e d  as parameters. 
It was found t h a t  the  p a r t i c l e s  evenly d i s t r i b u t e d  themselves through- 
Perturba- 
F i n a l l y ,  t h e  
Magnitudes 
o u t  t h e  enve ope, W i t h  areas o f  h igher  density due t o  i t s  shape. 
t i o n s  caused d r a s t i c  changes i n  t h e  s ize and o r i e n t a t i o n  o f  t h e  envelope, 
thereby comp i c a t i n g  t h e  p r e d i c t i o n  of t h e  areas o f  h igher  dens i ty .  
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ABSTRACT 
DYNAMIC ANALYSIS OF AN EARTH-ORBITING SATELLITE 
DEPLOYING H I N G E D  APPENDAGES 
Kevin Fielding Oakes 
ODU Director: Dr. Chuh Mei 
NASA Director: Dr. J. M .  Housner 
01 d Doini n i o n  University, 1986 
T h e  planar l ibrat ional  dynamics of an a rb i t ra ry  spacecraft w i t h  
deployable hinged appendages i s  presented here both analyt ical ly  and 
numerically. The system model consists of a central  r i g i d  s a t e l l i t e  moving 
about the earth i n  a c i rcu lar  o rb i t  at a uniform orb i ta l  r a t e .  Attached t o  
the s a t e l l i t e  are two unfolding r ig id  booms w i t h  specified mass and l e n g t h .  
T i p  masses are included a t  the ends o f  each boom and deployment i s  driven by 
torsional springs a t  b o t h  f r ic t ion less  hinge points. The equations o f  
motion are  developed for  b o t h  a single- and double-appendage model t h r o u g h  
the use o f  Lagrange's equations. The formulation accounts for  large angle 
ro ta t ions ,  Coriolis e f fec ts ,  and the  gravitational gradient.  U t i l i z i n g  
Newtonian mechanics, the equations of motion for the deployment of a single 
massless boom are developed and compared w i t h  the Lagrangian formul a t i o n  for 
Val idation purposes. The resul t ing nonlinear, coupled governing equations 
are not  Subject t o  closed-form solutions and are thus integrated 
numerically. Nondimensional parameters are defined t o  simp1 i f y  the s ingle  
appendage analysis and the equations are 1 inearized about prescribed 
posit ions t o  study the s t a b i l i t y  o f  the system. The investigation i s  
applied t o  the Space Shuttle based deployment of r i g i d  truss-1 ike members. 
Results indicate tha t  spacecraft iner t ia  parameters, appendage mass and 
length, deployment velocity,  and i n i t i a l  conditions a l l  exhibi t  considerable 
influence on the system response. The resulting l ibrat ional  motion i s  
d i r ec t ly  re la ted t o  the s ize  o f  the deployable payload and gravi ta t ional  
67 
forces lead t o  vehicle s tab i l iza t ion .  These f i n d i n g s  may be he lp fu l  i n  
assessing orbi ta l  e f fec ts  d u r i n g  the deploynent of large space s t ructures  or 
on the  motion of s a t e l l i t e s  w i t h  robotic manipulator arms. 
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ABSTRACT 
A MODEL TO INVESTIGATE THE INFLUENCE 
OF SUSPENDED SEDIMENT ON THE MASS TRANSPORT 
OF A POLLUTANT IN OPEN CHANNEL FLOW 
Raymond Scott Chapman 
01 d Dominion University, 1377 
ODU Director; Dr. C h i n  Y. Kuo 
NASA Director: Charles Whitlock 
The environmental impact of the transport of pollutants i n  open channel 
flow has for  many years been of  interest  due t o  the continuous introduction 
of heavy metals, pesticides, herbicides, and other foreign substances i n t o  
natural waterways. 
i s  necessary to  examine the significance of i t s  individual components. In 
In order t o  fu l ly  understand th i s  transport process, i t  
the present study an expl ic i t  two-dimensional f i n i t e  difference model, de- 
signed t o  investigate the influence o f  suspended sediment on the p o l l u t a n t  
transport  process, i s  presented. Specific attention i s  directed toward 
examining the role of suspended sediment i n  1) the turbulent vertical  trans- 
p o r t  mechanism i n  a s t r a t i f i e d  f l o w ,  and 2 )  pollutant uptake due t o  sorp- 
t ion .  Results presented indicate t h a t  suspended sediment plays a major role 
i n  tne pollutant transport  process, and subsequently, any meaningful 
attempt to  model the f a t e  of a p o l l u t a n t  i n  an alluvial  channel must account 
for tne presence of a suspended sediment concentration prof i le .  
the vertical  and longitudinal pollutant concentration d i s t r i b u t i o n s  provided 
Similarly, 
by the model may be ut i l ized t o  improve upon the predictive capacit ies of 
existing water quali ty models. 
70 
ABSTRACT 
EFFECTS OF MULTIPLE SCATTERING AND SURFACE 
ALBEDO ON THE PHOTOCHEMISTRY OF THE TROPOSPHERE 
Tommy Reinhold Robert Augustsson 
Old Dominion Un ive rs i t y ,  1981 
ODU D i r e c t o r :  D r .  Surendra N. T iwar i  
NASA D i rec to r :  D r .  Joe l  S. Lev ine 
A one-dimensional photochemical model o f  t he  t roposphere con ta in ing  t h e  
species o f  t h e  n i t rogen,  oxygen, carbon, hydrogen, and s u l f u r  f a n i l i e s  has 
been developed and used t o  i n v e s t i g a t e  the  v e r t i c a l  p r o f i l e s  and t h e  na tura  
( i n c l u d i n g  atmospheric chemical reac t ions)  and anthropogenic sources and 
s inks  o f  these species. 
c a l l y  app ly ing  prescr ibed boundary cond i t ions .  The v e r t i c a l  f l u x  i s  sim- 
u la ted  by use o f  the  parameterized eddy d i f f u s i o n  c o e f f i c i e n t s .  
eous losses (e.g. ra inou t ,  gas - to -pa r t i c l e  cnemistry,  and d r y  depos i t i on ) ,  
are parameter ized t o  make ca l cu la ted  p r o f i l e s  cons is ten t  w i t h  measurements. 
The photochemical model i s  coupled t o  a r a d i a t i v e  t r a n s f e r  model t h a t  ca lcu-  
l a t e s  t h e  r a d i a t i o n  f i e l d  due t o  the  incoming s o l a r  r a d i a t i o n  which i n i t i -  
a tes much o f  t h e  photochemistry o f  the t roposphere.  
p r o f i l e s  of t ropospher ic  species are made between the  Leighton approxima- 
t i o n ,  w ide l y  used i n  most t ropospher ic  models, and t h e  d e t a i l e d  r a d i a t i v e  
t r a n s f e r  m a t r i x  i nve rs ion  model used i n  t h i s  study. The r a d i a t i v e  t r a n s f e r  
code inc ludes  t h e  e f f e c t s  o f  m u l t i p l e  s c a t t e r i n g  due t o  molecules and aero- 
so ls ,  pure absorpt ion and sur face albedo on t h e  t r a n s f e r  o f  incoming s o l a r  
r a d i a t i o n .  
several  key pho to l ys i s  f requencies and species numDer d e n s i t y  p r o f i l e s  De- 
tween tne  i e i g n t o n  approximat ion ana the p r o f i l e s  generated w i t n  t n e  more 
d e t a i l e d  r a d i a t i v e  m a t r i x  i n v e r s i o n  technique used i n  t h i s  study. Most 
species snow enhanced v e r t i c a l  p r o f i l e s  when t h e  inore r e a l i s t i c  t rea tment  o f  
The species c o n t i n u i t y  equat ions are solved numeri 
Heterogen- 
Comparisons of v e r t i c a l  
The r e s u l t s  i n d i c a t e  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  f o r  
7 1  
t h e  incoming s o l a r  r a d i a t i o n  f i e l d  i s  inc luded.  
increase i n  concent ra t ion  as a func t i on  o f  i nc reas ing  sur face  albedo. 
few species, no tab ly  ozone, e x h i b i t  decreased l e v e l s  o f  concen t ra t i on  when 
the  r e a l i s t i c  r a d i a t i v e  t r a n s f e r  model i s  used. The e f f e c t  o f  t h e  d e t a i l e d  
t rea tment  o f  incoming s o l a r  r a d i a t i o n  on t h e  photochemist ry  o f  t h e  t ropo-  
sphere i s  d i  scussed. 
Furthermore, most species 
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ABSTRACT 
EVALUATION OF UPWELLLING INFRARED RAOIANCE 
I N A NONHOMOGENEOUS NONEQUILIBRIUM ATiYlOSPHERE 
Sundaresa Venkata Subramanian 
01 d Dominion University, 1976 
ODU Director: Dr. S. N. Tiwari 
NASA Director: Or. H.  G. Reichle 
The  primary purpose of this s tudy was t o  investigate the influence o f  
vibrational nonequilibriun upon upwelling infrared radiance from the Earth's 
atmosphere. Basic equations are presented for calculating the atmospheric 
transmittance, heating rates, and equi 1 i bri un and nonequi 1 i b r i  un upwell i ng 
radiances. By employing the Lorentz line-by-line model for spectral absorp- 
t i o n ,  heating rates and upwelling radiances were calculated for equilibriun 
as well as nonequilibrium conditions i n  the spectral range of 4.6 v CO and 
3.3 p CH, bands. For the spectral range of CO fundamental band,  the i n f l u ,  
ence of different parameters on the upwelling radiance was also investi- 
gated. The results indicate t h a t  for CO the assumption o f  LTE i s  not  justi- 
fied a t  tropospheric pressures and temperatures. For CH4, however, the 
assunption is  justified u p  t o  60 kilometers. This information i s  very use- 
f u l  i n  deve loping  an accurate da ta  reduction scheme for the measurement of 
CO and CH, concentrations i n  the atmosphere. 
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